The use of partial nephrectomy (PN) to treat patients with large renal cell carcinoma (RCC) remains controversial, particularly among elderly patients. The present study compared the improvement in cancer-specific survival (CSS) in patients with pT1b RCC who underwent either PN or radical nephrectomy (RN) and investigated the effects of age and sex on CSS. A total of 20,343 patients were identified in the Surveillance, Epidemiology and End Results database. Kaplan-Meier curves and Cox regression analysis were used to compare the CSS of patients who received PN vs. those who received RN. In total, 5,375 (26.42%) and 14,968 (73.58%) patients with pT1b RCC received PN and RN, respectively. Kaplan-Meier and Cox regression analysis indicated that PN resulted in an improved CSS compared with RN (P<0.001). In addition, PN was observed to be beneficial in male (P<0.001) and female patients <75 years of age. However, it was not beneficial for female patients of ≥75 years of age (P= 0.197). These preliminary results warrant further investigation in clinical trials.
Introduction
Renal cell carcinoma (RCC) accounts for ~90% of all renal malignancies (1) . For clinically localized RCC, nephrectomy remains the treatment method of choice (2) . Numerous studies demonstrated that partial nephrectomy (PN) may provide a recurrence-free and long-term benefit to patients with tumors <4 cm in diameter compared with radical nephrectomy (RN) (3) (4) (5) (6) . PN is thus becoming a main alternative to RN for treating T1a disease (RCC tumors <4 cm) (7) (8) (9) , and the European Association of Urology (EAU) guidelines recommended PN as the standard surgical procedure for tumors measuring <4 cm (10) .
However, for tumors measuring >4 cm, the EAU guidelines do not recommend PN (10) . Achieving patient benefit without damaging renal function is the most important purpose of RCC treatment. Mir et al (11) observed that PN may provide oncological outcomes similar to those of RN in clinical stage T1b patients (RCC tumors ≥4 and <7 cm). In addition, other studies reported equivalent outcomes regarding cancer control (individuals with no disease recurrence or progression) for PN and RN (tumors >4 cm) (12, 13) . The majority of those previous studies mostly focus on PN function, regardless of age. Tan et al (14) observed similar long-term survival in patients with T1 stage RCC who were treated with PN and RN; however, subgroup analysis revealed improved survival in patients >75 years of age treated with PN compared with RN.
The purpose of the present study was to investigate the benefit of PN vs. RN on the cancer-specific survival (CSS) in patients with T1b RCC, and to further assess the effects of age and sex on the benefit of PN vs. RN. For that purpose, data from a population database were analyzed.
Materials and methods
Data source. Case details were retrieved from the Surveillance, Epidemiology, and End Results (SEER) database (https://seer. cancer.gov; code: kidney C64.9), which covers ~28% USA population. The SEER program contains cancer epidemiology information (15) .
Study population.
Patients who were histologically confirmed to have RCC (stage pT1b N0M0) between the years 2004 and 2015 were identified using SEER*Stat software (version 8.3.2; https://seer.cancer.gov/data-software/). Variables including marital status, ethnicity, age at diagnosis, sex, surgical method, tumor size, laterality and months of follow-up were identified. TNM classification of RCC was based on the 6th edition of the American Joint Committee on Cancer staging system (16) . In total, data from 20,554 patients with pT1b RCC who received PN or RN were collected. Patients of unknown ethnicity (n=121), laterality (n=4), tumor size (n=5) or survival months (n=67) were excluded. The remaining 20,343 patients were included in the present cohort study ( Fig. 1 ). For data Survival benefit of nephron-sparing surgery for patients with pT1b renal cell carcinoma: A population-based study analysis, subgroups of patients were created as follows: Males <75 years; males ≥75 years; females <75 years; and females ≥75 years.
Statistical analysis. Frequencies and proportions were used to describe categorical variables. Means, medians and ranges were reported for continuous variables. The χ 2 test was used to assess statistical significance in proportion differences, while the t-test was used to evaluate statistical significances in the means (Table I ). The effect of surgery (PN vs. RN) on the CSS was evaluated by Kaplan-Meier survival curves with log-rank tests. Differences in CSS were assessed by multivariate Cox proportional hazards regression analyses. P<0.05 was considered to indicate a statistically significant difference. Statistical analyses were performed using the statistical package MASS for R (version 3.4.1; https://www.r-project.org/) or Empower software version 1.1 (www.empowerstats.com).
Results
In total, 5,375 (26.42%) and 14,968 (73.58%) patients with pT1b RCC received PN and RN, respectively. The baseline characteristics of the patients are presented in Table I Regardless of their age or sex, there was an improvement in CSS in all patients treated with PN (P<0.001; Fig. 2 ). There was an improvement in CSS in males (P<0.001) and females (P<0.001) regardless of their age. Multivariable Cox regression analyses revealed that PN was an independent predictor factor of CSS [hazard ratio (HR), 1.35; 95% confidence interval (CI), 1.13-1.62; P= 0.001). In addition, multivariate Cox regression analyses revealed that age at diagnosis, marital status, tumor size and grade were associated with outcomes (Table II) .
Considering the age of the patients, male patients <75 and ≥75 years of age exhibited an improvement in CSS following PN (P= 0.017; Fig. 3 ). Among females, only patients <75 years exhibited a notable CSS improvement (P= 0.002) following PN. In patients treated by PN ≥75 years of age, no CSS improvement was observed (P= 0.197; Fig. 4 ). Male and female patients ≥75 years of age exhibited the same prognostic data for RN and PN, regardless of their sex ( Fig. 5 ). All male and female patients <75 years exhibited improved CSS following PN. Female patients <75 years exhibited improved CSS following PN (P= 0.029) compared with male patients <75 years. There were no statistically significant differences for RN (P= 0.066; Fig. 6 ).
The contradistinction of the follow-up of patients treated with PN (group 1, 2004-2008 and group 2, 2009-2015) is presented in Fig. 7 (P= 0.091). The comparison of CSS following PN and RN during different periods of time is presented in Figs. 8 and 9 (Fig. 8, 2004-2008 ; P= 0.002; and Fig. 9, 2009-2015; P<0.001 ).
Discussion
The present study conducted a population-based analysis with 20,343 cases to compare the benefits of PN vs. RN in the treatment of pT1b RCC. The results obtained may clarify the benefit of PN and aid evidence-based surgical decision-making. Regardless of age and sex, a notable improvement in survival was observed for all patients treated with PN, compared with those treated with RN (HR, 1.35; P=0.001).
In terms of the improvement in CSS observed following PN in patients with T1 clinical stage RCC across all age groups, the results obtained in the current study are in accordance with the literature (17) (18) (19) . Tan et al (14) reported improved survival only in patients with T1a RCC treated with PN who were <75 years of age. Previously, PN was considered to be associated with an increased probability of complications (20) . Thus, elderly patients with multiple comorbidities were deemed to be more likely to suffer serious complications. However, according to a study by Roos et al (21) , PN may be performed with acceptable complications on selected ≥65-year-old patients with a single, small, unilateral, localized RCC. Similar studies revealed that selected ≥80-year-old patients with RCC may benefit from PN (22) (23) (24) . However, the aforementioned studies did not investigate the differences in the benefits of PN between age groups according to sex. In the current study, in the male group, patients <75 and ≥75 years of age experienced an improved CSS (P= 0.017) following PN compared with RN. Notably, in the female group, only patients <75 years of age exhibited a marked CSS improvement (P= 0.002) following PN compared with RN, which may be due to bias introduced by the small sample number. Dulabon et al (25) revealed that female patients had lower probability of undergoing PN compared with males, and that female patients, particularly the elderly, may prefer being subjected to active surveillance for renal disease rather than to surgical extirpation. In a previous study, PN decreased chronic kidney disease as well as nononcologic morbidity and mortality compared with RN, and the complication rate did not differ between the young and old patients (26) .
To exclude bias introduced by the implementation of new technologies, including laparoscopic robot-assisted procedures, compared with open surgery (22, 27, 28) , different time periods were assessed for the PN group in the present study. Notable differences in CSS following PN were not observed between the groups treated during the periods 2004-2008 and 2009-2015 (P=0.091). According to these results, the implementation of new technologies had no effect on CSS following PN.
A statistically significant improvement in CSS following PN was observed in patients treated during 2004-2008 who were followed up for a long period (mean follow-up time, 91 months; P= 0.003). This was also observed in patients treated during the 2009-2015 period (mean follow-up time, 35 months; P<0.001). Thus, it appears that CSS improvement following PN may not be associated with follow-up time. Tobert et al (29) reported that loss of kidney function caused by surgery may have less effect on survival than chronic kidney disease (CKD). Thus, the protective role of PN against long-term complications such as cardiovascular disease in the elderly may be overestimated (29, 30) . However, Huang et al (31) reported that patients who received PN had lower rates of damaging glomerular filtration rate and CKD than those receiving RN. However, other criteria, including tumor features, patients' wishes and social support, remain important when deciding to perform PN or RN surgery in elderly patients (21) .
The present study had several limitations. The analyses were based on an observational study design, and this result obtained are limited by retrospective nature of the study. Moreover, the impact of competing risk bias on PN was not investigated (32) . The SEER database does not contain information on preoperative renal function, which affects the selection of patients receiving partial resection. Since poor renal function is associated with increased risk of severe cardiovascular disease (33) , if a large proportion of patients with poor preoperative renal function is included in the PN group, this may undervalue the role of PN. Furthermore, it is difficult to select appropriate patients to receive partial resection due to the absence of knowledge on the exact tumor location (34, 35) .
Altogether, the results obtained in the present study, which was conducted on a large cohort, indicated that PN is beneficial for patients with pT1b RCC compared with RN. Future studies are required to clarify whether the patient age should be taken into account when planning to perform PN in patients with T1b RCC. According to the present study, female patients ≥75 years of age appear to have limited benefit from PN. These results should be corroborated in clinical trials.
